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A B S T R A C T   
Urban forests are valuable assets to a community from multiple perspectives. Diversifying urban forests is a 
common and important management goal to increase resilience in the face of biotic pests and diseases, climate 
change, and to increase ecosystem services. Multiple design and engineering consultants develop site plans and 
specify trees for public and private projects, and consultant disciplines differ in their training plant material 
selection and diversity. Publicly available site plans from Des Moines (79) and Iowa City, Iowa, USA (70) be-
tween 2015–2018 that passed planning and zoning review were analyzed to determine the associations between 
practitioner disciplinary training and the diversity of specified trees at site, city, and landscape scales. We found 
that consultant discipline was not related to the alpha diversity of a site until site size was greater than 2.42 ha, 
then civil engineers were associated with lower tree diversity than other consultants. Landscape architects 
completed a majority of the project plans (43 %), specified the most trees (62 %), and utilized the most diverse 
plant palette, including 30 species not used by other consultants. However, landscape architects also frequently 
specified clonally produced cultivars (62 % of all selections) which may limit genetic diversity at a landscape 
scale, thus potentially undermining diversification efforts by repeating genotypes. Findings from this study 
suggest that messages pertaining diversification efforts, plant selection, and reduction of genetic diversity 
resulting from cultivar specification are important for all consultants, but especially for landscape architects who 
were responsible for specifying a majority of trees and sites. This case study of two Iowa (USA) communities 
provides evidence of landscape-scale diversity outcomes associated with consultant discipline and the potential 
for use of public site plan documents to assess such relationships. Further research is needed to determine if these 
findings are generalizable to other municipalities or states.   
1. Introduction 
Urban forests offer a multitude of benefits for city dwellers (Ma et al., 
2020; Morgenroth et al., 2016; Tyrväinen et al., 2005) and there is 
increasing interest in diversifying tree canopies to increase ecosystem 
services, mitigate risks associated with both biotic pests and diseases, 
and abiotic stresses such as drought and climate change (Conway and 
Vander Vecht, 2015; Ma et al., 2020; Ordóñez and Duinker, 2013; 
Sjöman et al., 2015). Explicit management of urban forest diversity 
through taxonomic benchmarks has been widely considered (Ball and 
Tyo, 2016; Kendal et al., 2014; Raupp et al., 2006), including the 
10/20/30 formula that remains influential (Santamour, 1990). This 
guideline stipulates that an urban forest be comprised of no more than 
10 %, 20 %, or 30 % of a single tree species, genus, or family, 
respectively. The concern over invasive pests attacking multiple related 
species such as emerald ash borer (EAB, Agrilus planipennis Farimaire) 
(Raupp et al., 2006) and Asian longhorned beetle (ALB, Anoplophora 
glabripennis, Motschulsky) (Berland and Hopton, 2016), has increased 
the call for genera diversity over species diversity (Ball and Tyo, 2016). 
If the 10/20/30 guideline were followed, a pest affecting multiple spe-
cies in a genus would still result in a 20 % loss (Ball and Tyo, 2016). EAB 
is one such pest affecting many species of North American native ash 
trees (Fraxinus sp. L.) that were widely planted in urban areas in 
response to elm tree (Ulmus sp. L.) losses following Dutch elm disease 
[DED, Ophiostoma ulmi, (Buisman) Melin & Nannf.]. Ash trees are esti-
mated to have a standing value of over $282 billion for over 125.3 
million trees in urban areas of the USA (Hauer and Peterson, 2017). 
Estimates for the treatment, removal, and replacement – not including 
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standing value – of 37.9 million trees on public lands in 25 eastern states 
was estimated at a mean discounted cost of $10.7 billion over ten years 
(Kovacs et al., 2010). The social toll associated with ash tree canopy loss 
across 15 states between 2002–2007 included >6000 lower-respiratory- 
and >15,000 cardiovascular-related deaths (Donovan et al., 2013). The 
current reliance on a small number of species puts urban forests, 
municipal budgets, nursery producers, and human health at risk. 
Therefore, diversifying urban forest plantings offers the most effective 
response to such risks. To a lesser degree, concern has been expressed 
about the narrow genetic diversity of tree cultivars and what impacts 
this has on diversification efforts when clonally propagated cultivars are 
used widely (Alvey, 2006; Iles and Vold, 2003; Lohr et al., 2014). 
Concern has been expressed regarding prioritizing diversity over envi-
ronmental integrity, nativeness, taxa adaptability to stressful urban 
conditions, or keystone species for food webs (Morgenroth et al., 2016; 
Narango et al., 2020; Subburayalu and Sydnor, 2012). Therefore, 
taxonomic benchmarks must be carefully considered with respect to a 
multitude of other considerations. 
Measuring and describing plant diversity of a specific site, between 
sites, and across a region has been the focus of ecologists for decades. 
Frequently, the term diversity has been misused or confused since 
multiple concepts surrounding the topic are related, but not inter-
changeable (Spellerberg and Fedor, 2003; Whittaker et al., 2001) and 
there are different ways to measure diversity (Angermeier, 1994). Forest 
ecologists describe diversity as both the number of species (richness) 
and the relative abundance of individuals among present species 
(evenness). Both are required to estimate a forest’s diversity (Begon 
et al., 1996; Laćan and McBride, 2008). Single diversity indices, such as 
the Shannon–Wiener Index (Shannon, 1948) or Simpson Index (Simp-
son, 1949), capture both richness and evenness and make it possible to 
numerically compare relative diversity between different communities 
(Spellerberg and Fedor, 2003; Subburayalu and Sydnor, 2012; Sun, 
1992). Whittaker articulated the relationships of alpha (α: site), beta (β: 
between sites in a region), and gamma (γ: landscape) diversity, when 
developing mathematical relationships of species richness among 
different communities (R. H. Whittaker, 1972; Whittaker et al., 2001). 
Primarily, urban foresters are focused on diversity in terms of species 
richness and evenness using city tree inventories (Alvey, 2006), though 
comparisons may be made across cities in a region (Ma et al., 2020) or 
globally (Kendal et al., 2014). 
Regardless of what benchmarks are used and how diversity is 
measured, diversification occurs as a result of intentional planting de-
cisions by a myriad of actors. There is limited research on the role of 
education, certification, and credentialing of professionals affecting di-
versity, but there is evidence among arborists that with increasing 
training there was a significantly greater awareness of diversity bench-
marks (Petter et al., 2020). However, arborists are not the only con-
sultants who select trees. Professional design and engineering 
consultants must also strive to specify underused, but appropriate trees, 
in place of overused selections. Municipal urban foresters may set di-
versity goals and produce lists of acceptable trees (Sjöman et al., 2016) 
for consultants to use when specifying trees. Yet, the role of non-arborist 
and non-forestry professional consultants when specifying trees remains 
understudied (Conway and Vander Vecht, 2015; Lohr, 2013; Petter 
et al., 2020). Since design and engineering consultants specify trees for 
public and private projects, what they specify has impacts beyond public 
trees managed by urban foresters. 
In the United States, state laws dictate the administrative rules to 
establish licensing boards that set the legal scope of work for profes-
sional consultants. Most states have licensure and practice laws for ar-
chitects (The American Institute of Architects, 2019), civil engineers 
(American Society of Civil Engineers, 2019), and landscape architects 
(American Society of Landscape Architects, 2019). In addition to state 
laws, local regulations such as city planning documents, zoning code, 
and other guidance by city officials affect the required elements of a 
landscape plan, such as the amount of required open space, number of 
trees per linear foot of right-of-way frontage, tree removal mitigation 
requirements, soil volume per tree, or other requirements (City of Des 
Moines, 2021; City of Iowa City, 2020; Iowa Administrative Code, 
2006). Permitting documents prepared by consultants, including land-
scape plans that specify trees, are thus a product of layers of state and 
municipal regulation and oversight, consultant discipline-specific 
training, and plant preferences. When viewed in aggregate by consul-
tant discipline, patterns may emerge that characterize the state of 
practice within each consultant discipline. 
If disciplinary training of consultants does not include site assess-
ment, tree selection, and the value of biodiversity, then developing 
diverse urban forests becomes even more difficult (Lohr, 2013). The aim 
of this study is to determine if disciplinary training of professional 
consultants is related to specified tree diversity in two Iowa commu-
nities. The following hypotheses were tested: a) consultant discipline 
will affect the specified tree diversity of a site; b) open-space area will 
affect the specified tree diversity of a site; and c) consultants with more 
disciplinary emphasis in plant materials will use a more diverse plant 
palette across sites. 
2. Methods 
2.1. Selection of study cities 
The City of Des Moines (DSM) (41◦35 N 93◦37W) and City of Iowa 
City (IC) (41.66 ◦N 91.53 ◦W) were selected for this study since they are 
among the most populous (first and fifth, respectively) in the state of 
Iowa, USA (United States Census Bureau, 2019); and tend to have 
numerous projects each year requiring site plan approval. The cities are 
about 160 km (100 miles) apart, at similar latitudes, are both USDA 
hardiness zone 5 [− 20 to − 10 ◦F (− 28.9 to − 23.3 ◦C) winter minimum 
temperature; (USDA Agricultural Research Service, 2020)], and receive 
similar annual precipitation amounts [DSM 91.47 cm (36.01 in. and IC 
95.48 cm, (37.59 in., climate normals 1981–2010; (National Weather 
Service, 2020)]. DSM is located at the southern edge of the Des Moines 
lobe landform from the Wisconsin-era glaciation and IC is located in the 
southern drift plains which also experienced glacial activity and both 
cities have limestone bedrock. Further comparison of soils and topog-
raphy was not conducted since these can be modified to a degree during 
construction. Since both cities have similar climates and latitudes there 
should be fewer a priori differences that would restrict the diversity of 
trees from which consultants could specify selections, thus any differ-
ences would more likely be related to the discipline of the consultant. 
2.2. Data collection from site plans 
Plans were requested from city officials in fall 2018 for all projects in 
the previous four years in each city (2015–2018) based on the number of 
projects submitted each year. After reviewing the plans (DSM: 81; IC: 
76), 149 were found to be usable and included at least one tree (94.9 % 
usable; DSM: 79; IC: 70). Rejected plans did not include detailed plant 
schedules, trees, or the consultant responsible for plant selection was 
unidentifiable. 
Plan information was entered into a database including: the disci-
pline of the consultant responsible for the landscape plan; the botanical 
name including cultivar, if specified; quantity of trees; city of the proj-
ect; and the pervious area (i.e. open space) of the site. Pervious area, if 
not explicitly indicated, was determined as the difference between the 
total site size and the impervious area, though in some cases pervious 
area was unable to be determined and those sites were omitted from 
area-based analyses. Consultant discipline was determined by the 
signature block assuming responsibility for the landscape plan or the 
overall plan submission if the landscape plan was not specifically indi-
cated. For consultants working in multi-disciplinary firms or subcon-
tracting, the discipline of the individual signing the drawings was 
recorded, not the firm discipline, since the signature indicates the claim 
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of professional responsibility. No identifiable information about the site, 
client, or consultants are reported. Consultant disciplines included ar-
chitects (arch), civil engineers (civil), and landscape architect (LA) and 
certified nursery professionals (CNP). Archs, civils, and LAs receive 
licensure through the state (State of Iowa, 2020). CNPs are industry 
certified (Iowa Nursery and Landscape Association, 2020) and may be 
hired as independent consultants or subcontractors to prepare planting 
plans for a state-licensed consultant. 
Botanical names were compared to Dirr (2009), Missouri Botanical 
Garden (2019), Integrated Taxonomic Information System (ITIS) on-line 
database (2020), and the Royal Horticulture Society (2020) to remove 
inconsistencies. Synonymous listings were corrected to current taxon-
omy and tradenames were crosschecked and listed as appropriate cul-
tivars. Deference was given to ITIS and applied uniformly across the 
dataset when taxonomic attributions differed between references. If 
plant material information could not reasonably be inferred from the site 
plans, information was left blank in the database. Since cultivar-level 
information was available we were able to compare site plan diversity 
at both the cultivar (intraspecific) and species levels. Projects were not 
ground-truthed to validate the appropriateness of plant choices. 
2.3. Statistical analysis 
Statistical analysis was performed in R v.4.0.2 (R Core Team, 2020). 
For a majority of sites (140 of 149; 93.96 % of total sites), either a 
species or a single cultivar of that species was specified. Functionally, 
defining richness to the species-level or intraspecies-level (i.e., mixed 
species/cultivar-level) on those sites, is numerically equivalent for 
calculating α-, β-, and γ-diversity and a diversity index. For the 
remaining sites, either multiple cultivars of a species or a species and 
cultivar of that species were specified. If analyzing richness at the 
species-level, the richness would be reduced by 1 (8 sites; 5.36 % of total 
sites) or 2 (1 site; 0.67 % of total). Parallel analyses were conducted with 
species and intraspecies richness and evenness and the results were 
quantitatively and qualitatively compared. Quantitative results pre-
sented concern the intraspecies level analysis and species-level results 
are provided when they differ in significance from the intraspecies 
analysis; a p-value <0.05 was considered significant. 
Between pairs of consultant disciplines, cities, and the combinations 
of disciplines and city, we investigated relationships among α-, β-, and 
γ-diversity, as well as the relationship between pervious area, discipline, 
and city. For each site, we analyzed α-diversity using the inverse 
Simpson index (Sun, 1992) using the “diversity” function in the vegan R 
package (Oksanen et al., 2019), resulting in values of 1 or more, where 
higher values are more diverse (Lande, 1996). 
Preliminary analysis indicated a linear relationship between α-di-
versity and pervious area when values were natural log-transformed, 
which also stabilized variances and met assumptions for ordinary least 
squares regression. Regressions were run using “lm” function using the 
log-normal model: 
log(alpha_diversity) ~ discipline * log(pervous_sf) + city 
Because no CNPs worked on sites in IC, we did not include an 
interaction between discipline and city. Estimates and contrasts were 
obtained using the emmeans R package (Lenth et al., 2020). There was a 
significant interaction between consultant discipline and total pervious 
area, therefore α-diversity was tested at a representative range of open 
space to determine the effect of each consultant discipline. A second 
regression analysis was conducted using the “lm” function to investigate 
the relationships between pervious area in response to discipline and 
city. 
To estimate β-diversity within each discipline and city, we first 
calculated the proportion of total intraspecific or species selections used 
by a particular consultant discipline or city that occurred at each site. 
Using the Bray-Curtis dissimilarity measure in the function “vegdist” in 
vegan (Oksanen et al., 2019), we calculated an average β-diversity 
measure for each combination of discipline and city. No CNPs worked in 
IC, and only two site plans in IC were produced by architects, leaving 6 
total β-diversity values: 4 in DSM (one for each discipline), and 2 in IC 
(for civils and LAs). Using these six values, we ran an additive linear 
regression model and conducted inference using the emmeans package 
(Lenth et al., 2020): 
beta_diversity ~ city + discipline 
At a landscape scale, γ-diversity compares the subset of the entire 
species or intraspecies list actually used by each consultant discipline. 
Statistically this is performed using McNemar’s test that compares the 
lack of concordance between a pair of disciplines (or cities) and de-
termines if the lack of concordance is significantly different from what 
would be expected by random chance (McNemar, 1947). This was per-
formed using the “mcnemar.test” in R. To investigate the intraspecific 
richness for each discipline and city, we constructed pairwise contin-
gency tables for the four disciplines and for the two cities. Each con-
tingency table counted the number of specified selections used by both 
disciplines; the number used by neither discipline; and the number of 
specified trees used by one discipline but not the other. P-values were 
adjusted for multiple comparisons using the Holm method in the “p. 
adjust” R function (Holm, 1979). The γ-diversity analyses are qualita-
tively similar (same trends observed), though there are some differences 
in significance when considered at the intraspecies-level or the 
species-level. Generally, p-values are smaller for the intraspecies anal-
ysis compared to the species analysis, indicating larger differences when 
cultivars are considered. In cases where contrasts change from signifi-
cant in the intraspecies data to not significant in the species data, both 
p-values are provided, otherwise given p-values are the intraspecies 
data. The differences and overlap of plant materials specified by the 
consultant disciplines was visualized using the “venn” function in the 
eulerr package (Larsson, 2020). 
Data and code for analysis are available at: https://github.com/sus 
tlandmgmt/UFUG_ConsultantTreeDiversity.git. 
3. Results 
3.1. Alpha and beta diversity were largely unrelated to consultant 
discipline, though the amount of open space mattered 
The analysis revealed that the α-diversity of sites was similar 
regardless of consultant discipline and city and that α-diversity 
increased with site size. Despite overwhelming similarities, one contrast 
indicated a statistically significant difference between disciplines 
(averaged across both cities) at the intraspecies level: specifically, be-
tween civil engineers and landscape architects when pervious area was 
greater than 2.42 ha (~6 acres) [mean α-diversity: civil = 4.47 (0.67 
standard error = SE), LA = 8.00 (1.21 SE); odds ratio civil/LA = 0.56 
(0.12 SE); p = 0.049]. This weakly significant relationship became 
stronger with increased open space area (Fig. 1). This relationship was 
not significant when assessed at the species-level [mean α-diversity: 
civil = 4.49 (0.67 SE), LA = 7.66 (1.14 SE); odds ratio civil/LA = 0.586 
(0.13 SE); p = 0.079]. There tended to be slightly higher α-diversity in 
DSM than in IC [DSM inverse Simpson = 5.56 (0.63 SE); IC inverse 
Simpson = 4.58 (0.71 SE], however the difference was not significant 
(p = 0.23). 
The model further provided weak evidence for a difference between 
the amount of open space on plans prepared by architects and landscape 
architects [mean site size: architect = 661 ± 297 m2 (7113 ± 3195 ft2), 
LA = 1861 ± 531 m2 (20,035 ± 5720 ft2); odds ratio = 0.36 (0.16 SE); 
p = 0.094], as well as the amount of open space on plans in DSM versus 
IC [mean site size: DSM = 802 ± 199 m2 (8637 ± 2139 ft2), 
IC = 2115 ± 897 m2 (22,761 ± 9650 ft2); odds ratio DSM/IC = 0.38 
(0.19 SE); p = 0.053]. The absolute difference between the two cities 
was striking, however, sites in IC were larger with more open space, but 
fewer total trees (Table 1). 
High β-diversity among all disciplines in both cities indicates that 
specified tree lists are largely different site-to-site. The analysis of 
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Fig. 1. The log-log plot of pervious surface area and the inverse Simpson index of intraspecies richness including species and cultivars with 95 % confidence intervals.  
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Table 1 
General summary of the dataset including the overall number of sites, trees specified, and intraspecies (species and cultivar) richness specified broken down by 
consultant discipline and city. Total counts and percentages in parentheses are of the total dataset, while city-level percentages are the proportion of the consultant- 
level data within each city. For specified species intraspecies richness percentages by consultant discipline, this is the proportion of all tree species or species/cultivars 
in the dataset specified by each consultant discipline.   
City Sites Specified Tree Quantities Specified Species Richness Specified Intraspecies Richness 
Overall — 149 4836 113 217 
Consultant Discipline 
Landscape Architect 
Total 64 (43 %) 2980 (62 %) 96 (85 %) 166 (76 %) 
Des Moines 48 (75 %) 2113 (71 %) 88 (92 %) 127 (77 %) 
Iowa City 16 (25 %) 867 (29 %) 53 (55 %) 77 (46 %) 
Civil Engineer 
Total 57 (38 %) 1238 (26 %) 60 (53 %) 89 (41 %) 
Des Moines 5 (9%) 275 (22 %) 21 (35 %) 24 (27 %) 
Iowa City 52 (91 %) 963 (78 %) 55 (92 %) 79 (89 %) 
Architect 
Total 22 (15 %) 404 (8%) 45 (40 %) 58 (27 %) 
Des Moines 20 (91 %) 357 (88 %) 39 (87) 50 (86 %) 
Iowa City 2 (9%) 47 (12 %) 11 (24 %) 13 (22 %) 
Certified Nursery Professional 
Total 6 (4%) 214 (4%) 28 (25 %) 31 (14 %) 
Des Moines 6 (100 %) 214 (100 %) 28 (100 %) 31 (100 %) 
Iowa City 0 (0%) 0 (0%) 0 (0%) 0 (0%)  
Fig. 2. Heat map of the proportions of tree selections inclusive of species and cultivars not used by the consultant disciplines (x-axis) in all selections used by the 
consultants (y-axis). By reading across the row for each consultant discipline, the proportion intraspecies selection used by that consultant that is different from the 
consultant listed below can be determined. Higher values indicate a greater difference between taxa used by the different pairs of consultant disciplines across both 
cities and lower values indicate more similarity in taxa specified. Consultants: Arch = architect, CNP = certified nursery professional, Civil = civil engineer, 
LA = landscape architect. 
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β-diversity was quantitatively different when considered at the species- 
(specified richness = 113) or intraspecies-level (specified 
richness = 217) since the total taxa pool is dramatically different 
(Table 1), however all contrasts were not significant between disciplines 
averaged over cities regardless of which taxonomic level was consid-
ered. β-diversity is described on a 0–1 scale (1 = highest diversity). Mean 
β-diversity for all consultant disciplines was relatively high (range: 
0.91–0.96) and tended to be 0.02 to 0.04 lower when considered by 
species compared to intraspecies, due to the fewer total taxa in the 
species pool (data not shown). 
3.2. Landscape architects use a more diverse tree palette at a landscape- 
scale, and this consists largely of cultivars 
A comparison of the tree palettes of each of the consultant disciplines 
and cities produced the most dramatic differences in our analysis. At the 
intraspecies-level, our models provided strong evidence for differences 
between all pairs of disciplines as well as the pair of cities. Of the 156 
taxa specified in the city of DSM, 89 (57 %) were not used in IC and of 
the 128 taxa specified in IC, 61 (48 %) were not used in DSM (p = 0.027 
against H0: no difference between the proportions for the two cities). 
The same contrast was weakly significant in the species data (p = 0.045). 
Strong differences between consultant disciplines were also captured by 
our intraspecies model, with most contrasts significant p < 0.005, p- 
adjusted for multiple comparisons. 
When compared at the species-level one contrast among consultants 
in DSM become non-significant after adjustments for multiple compar-
isons: architects vs. certified nursery professionals (intraspecies 
p = 0.048*, species p = 0.32 n.s.). Across both cities, there were sig-
nificant differences among architects and civil engineers among cultivar 
specification (p = 0.002*), but not species specification (p = 0.06 n.s.) 
Overall, landscape architects used the most diverse tree palette, 
while certified nursery professionals used the least diverse. For example, 
85 % of the intraspecies-level taxa specified by landscape architects 
were not specified by certified nursery professionals, while only 19 % of 
the taxa used by certified nursery professionals were not used by land-
scape architects (Fig. 2). Of the total 217 tree taxa (species and cultivars) 
specified, 76 % were used by landscape architects, 41 % by civil engi-
neers, 27 % by architects, and certified nursery professionals only 
selected 14 % of the total specified taxa. There were 89 (41 % of total) 
selections by landscape architects that were not used by any other 
consultant discipline, including both species and cultivars (Fig. 3A). This 
resulted in 30 species or intraspecific hybrids that were not used by any 
other consultant discipline (Fig. 3B). In all other cases of unique selec-
tions by landscape architects, they were cultivars of species utilized by 
the other consultants. The other consultant disciplines combined used 
15 species not used by landscape architects. In total, 54.5 % of trees were 
specified as cultivars. Landscape architects frequently specified cultivars 
(62.2 %) and other consultants specified cultivars to a lesser degree 
(34.9 %–45.6 %; Supplemental Table S1). 
3.3. Tree diversity was generally observed at landscape scale but not at 
site scale 
The 10/20/30 diversity guideline is intended for large-scale forestry 
management and was largely observed by each consultant discipline. 
The most prevalent species was Gleditsia triacanthos var. inermis (L.) Zab. 
(thornless honeylocust), which was specified 511 times or 10.57 % of 
the total (Supplemental Table S2). There were 23 occurrences of Gle-
ditsia triacanthos being specified as non-thornless selections (not var. 
inermis), though may have been sourced as or substituted for thornless 
trees. The total representation of Gleditsia was 11.04 %. Quercus bicolor 
Willd. (swamp white oak) and Q. rubra L. (red oak) were the next most 
specified trees at 4.16 % and 3.78 % and are the only overlapping genera 
in the top ten most-specified selections. Twenty-nine species were 
specified at 1% or greater and these comprise 73.95 % of the total and 
the remaining eighty-four species comprise the other 26.05 %. Other 
than Gleditsia triacanthos var. inermis, no species was specified at greater 
than 5% of the total and notably there are no Acer (maple) species until 
the thirteenth most specified spot [Acer rubrum L. (red maple) at 2.50 
%]. Nationally, Acer is one of the dominant genera representing 21.2 % 
of responses for the top-six most common trees in community tree in-
ventories (Ma et al., 2020). The top three specified genera were Quercus 
(11.62 %), Gleditsia (11.04 %), and Acer (7.88 %). Of all Gleditsia 88.58 
% were one of 8 cultivars, while Acer was comprised of 23 cultivars 
totaling 73.23 % of the genus, and Quercus consisted of 6 cultivars 
representing 4.45 % of the genus (Supplemental Table S1). When 
considering the 10/20/30 guideline within consultant discipline, there 
were some over-specified taxa by particular consultants (Supplemental 
Table S3). Architects slightly exceeded the 30 % family benchmark with 
Pinaceae (33.66 %). The 10 % species threshold was exceeded by 
certified nursery professionals with Platanus x acerfolia (Aiton) Willd. 
Fig. 3. Venn diagram of the intraspecies tree selections across both cities, inclusive of species and cultivars, by consultant discipline indicating the richness count and 
percentage of the total intraspecies pool that was uniquely used or also used by other consultant disciplines. 
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(12.15 %) and by landscape architects with Gleditsia triacanthos var. 
inermis (13.29 %). While taxonomic benchmarks are not originally 
intended for site-level application, the 10/20/30 guideline has been 
used in a case study for diversifying an existing park (Duddy, 2019). We 
found observance of the 10/20/30 guideline at the family-level was 
more frequent than at the genus-level and that no site met the 10 % 
species diversity benchmark (Supplemental Table S4). This is to be ex-
pected since site open space size limits the number of trees that can be 
specified and thus diversity. Overall, 42 projects (28 % of total) had 
fewer than 10 trees, which is the minimum needed to meet the 10 % 
species benchmark. Landscape architects met the 20 % genus and 30 % 
family benchmark on individual projects more often than civil engi-
neers. Architects and certified nursery professionals did specify diverse 
projects at the genus- and family-levels comparatively often, but this 
may be due to fewer total projects they completed relative to landscape 
architects and civil engineers (Supplemental Table S4, Table 1). 
3.4. Consultant activity varied by city 
Landscape architects (43 %) and civil engineers (38 %) were 
responsible for most of the 149 plans (Table 1). There was a large dif-
ference in which consultant disciplines did work in DSM and IC. Nearly 
two-thirds (62 %) of the total trees were specified by landscape archi-
tects and the majority of those were in DSM (2113 of 2980 trees). Most 
of the specified trees (61 %) were in DSM. Architect-specified plans 
primarily occurred in DSM along with all projects by certified nursery 
professionals. IC had 91 % of the projects completed by civil engineers, 
while 75 % of the landscape architect projects were in DSM. 
4. Discussion 
4.1. At scale, landscape architects use a larger tree palette than other 
consultant disciplines 
In this study, landscape architects used a majority of the tree taxa 
specified by all consultants (species richness = 85 %, and intraspecies 
richness = 76 %; Table 1) and their choices were largely not used by 
other consultants (Figs. 2 and 3). While a majority of trees specified by 
landscape architects were cultivars (62.2 %), there were 30 species-level 
selections unused by other consultants. Thus 27 % of the total species 
pool across both cities was associated with a landscape architect. The 
species-level selections made by only landscape architects could be a 
product of the greater total number of trees they specified and the 
greater number of projects for which they developed plant schedules 
compared to the other consultant disciplines. However, regardless of the 
reason: a) intentional use of greater plant diversity; or b) having more 
opportunity to use diverse trees by designing more projects and speci-
fying more trees – which are not mutually exclusive – the outcome re-
mains; landscape architects were associated with an average increase in 
species and intraspecies richness at the landscape scale. Conway and 
Vander Vecht (2015) found that the selection criteria for trees varied 
among different practitioner disciplines when assessing urban forest 
diversity and found that landscape architects were primarily concerned 
with matching plants to site conditions and that diversity, nativeness, or 
pest considerations were secondary. Poor availability of diverse and 
native plant material has limited the diversity of what is actually spec-
ified (Calkins, 2005; Conway and Vander Vecht, 2015). When 
comparing non-certified arborists vs ISA Certified Arborists®, Petter 
et al. (2020) found increased awareness of diversity in general and 
taxonomic diversity guidelines among the credentialed professionals 
and concluded that education gained through optional certification 
raised such awareness. While Petter et al. (2020) focused on arborists, 
their finding of topical education affecting practice is relevant to the 
findings of this study in which landscape architects, who focus more on 
plant materials and matching plant selection to site (Conway and Vander 
Vecht, 2015), were associated with increased tree species diversity at a 
landscape-scale. 
4.2. Site size is more closely related to diversity than consultant discipline, 
to a point 
Among plans in this study as open space area increased, tree richness 
increased. This is a phenomenon observed in urban forests from parks/ 
woodlots to regional and national scales (Alvey, 2006; Cornelis and 
Hermy, 2004; Ma et al., 2020). Above ±2.42 ha (±6 acres) landscape 
architects specified plans that contained about 3 more selections than 
civil engineers, inclusive of species and cultivars (8.00 ± 1.21 vs. 
4.47 ± 0.67). Area is the main factor that explains biodiversity in 
parklands (Cornelis and Hermy, 2004), since larger sites can contain 
more trees of a greater variety. Therefore, our findings of differential 
richness depending on consultant discipline specifying trees for large 
sites suggests there may be diversity gains to be made by involving 
consultants with more professional training in plant materials. While 
policies around practitioners and allowable scopes-of-work may pre-
clude outright requiring or disallowing certain consultant disciplines on 
public or private projects, there can be unofficial means of encouraging 
or recommending the involvement of practitioners associated with 
responsibly specifying landscape-scale tree diversity. Perhaps more 
simply, municipal foresters involved with reviewing consultant plans 
could increase efforts to communicate with all consultants to ensure 
diversification goals are met. Our study suggests that architects and civil 
engineers, who are associated with less tree diversity, might be good 
audiences for these conversations. Additionally, given the greater 
number of sites associated with and trees specified by landscape archi-
tects, diversity messages, especially pertaining to cultivar usage, would 
benefit this discipline already using more diverse trees. 
4.3. Using diversity indices in developed landscapes is challenging 
Deciding which taxonomic level from which to assess richness for 
evaluate diversity in urban landscapes is not only less straightforward 
than in unmanaged landscapes – where ecologists developed such 
metrics – but the interpretation of these results must be considered in 
context of how landscape plants are produced (Alvey, 2006; Anger-
meier, 1994; Cornelis and Hermy, 2004; Simpson, 1949; Whittaker 
et al., 2001). Horticultural plant breeding and cultivar selection com-
plicates diversity measurements due to intergeneric, interspecific, and 
intercultivar crosses. Trees of desirable phenotype that can be registered 
as cultivars are frequently mass produced through clonal production 
methods such as grafting, budding, tissue culture, or rooting cuttings. 
Clonally produced cultivars reduce genetic diversity when used at 
landscape scales (Lohr et al., 2014). Despite the drawback of cultivars 
from a genetic diversity perspective, uniform phenotypes do offer ad-
vantages to producers and end-users (Alvey, 2006; Iles and Vold, 2003), 
which is why they are grown and used, and why they might be 
considered when developing diversity benchmarks (Kendal et al., 2014). 
Landscape diversity is typically assessed at the species-, genus- or 
family-level (Kendal et al., 2014; Ma et al., 2020; Morgenroth et al., 
2016) and rarely below the species-level. There may be a false sense of 
security gained from using diversity benchmarks at species and higher 
taxonomic levels in landscapes when cultivars are present. The goal of 
diversification is to combat biotic and abiotic stressors (Ma et al., 2020; 
Morgenroth et al., 2016; Raupp et al., 2006; Santamour, 1990; Sjöman 
et al., 2016) and this could be undermined by genetic uniformity 
resulting from wide-spread use of clonally produced cultivars. Even if 
multiple cultivars of a species are widely adopted, as has been suggested 
(Iles and Vold, 2003), there will still only be a limited number of ge-
notypes present. Therefore, specific functional considerations such as 
pest or disease resistance, habit or structure suitable for spatial limita-
tions, or selections with notable environmental tolerances should drive 
cultivar specification in the urban landscape and the evenness of usage 
must be carefully considered (Morgenroth et al., 2016). While reliance 
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on cultivars is a concern for landscape diversity (Iles and Vold, 2003; 
Lohr et al., 2014), species and genera diversification including appro-
priate selections should remain the higher priority (Ball and Tyo, 2016; 
Ma et al., 2020; Morgenroth et al., 2016; Sjöman et al., 2016). 
4.4. Expanded use of taxonomic benchmarks by professional consultants 
and at site-scales may be useful frameworks for assessing tree diversity 
Taxonomic benchmarks, such as the 10/20/30 formula (Santamour, 
1990), are intended for urban foresters managing community-wide 
public tree inventories (Kendal et al., 2014) and have recently been 
applied at the site-scale (Duddy, 2019). To achieve diversity bench-
marks, consultants specifying trees must be aware of the current 
composition of the public tree inventory in order to specify underused 
trees that would contribute to diversification. Increasing the accessi-
bility and awareness of such information among non-forestry consul-
tants would improve their ability to contribute to diversity goals. 
In this analysis we focused on the diversity of specified trees using 
taxonomic benchmarks as a reference but did not compare the results to 
existing tree inventories, thus it is not possible to conclude if the spec-
ified trees are filling gaps or reinforcing the use of over-represented trees 
in DSM or IC. We extended the application of taxonomic benchmarking 
to consider diversity at the site-level. We acknowledge both applications 
of taxonomic benchmarks are somewhat outside their typical scope of 
use, but this exercise could be useful for consultants to conduct self- 
assessments on individual sites (Duddy, 2019). Certainly, 
community-wide urban forest diversity is important, but so is an 
appropriate amount of diversity at the site-level, including on private 
property. As part of internal quality control practices consulting firms 
could potentially compare the plant schedules of individual projects to 
taxonomic benchmarks to gauge the relative risks associated with their 
tree selections. 
4.5. Policy can directly and indirectly affect landscape-scale diversity 
patterns 
At the scale of a city, or a state, where urban foresters develop di-
versity management plans or where policy makers consider rules for 
professional consultants, who does the work and what they specify may 
make a difference to tree diversity. If different types of consultants are 
associated with increased landscape-scale diversity this must be un-
derstood and managed appropriately, since tree diversity alone is not the 
only consideration when managing urban forests. It’s also worth noting 
which consultant disciplines would benefit from additional outreach 
about tree selection and diversity. In this observational study of two 
Iowa communities, landscape architects specified the most trees and 
worked on the most projects, therefore in Iowa, they would be a good 
target audience for urban foresters striving meet urban forest manage-
ment goals. 
4.6. Diversity is important, but not all-important 
Tree diversity is one means of buffering against abiotic and biotic 
threats to tree health (Ma et al., 2020). However, trees must be 
well-suited for the site, and in order to maximize ecosystem services and 
minimize disservices, selections must positively contribute to ecological 
integrity and general biodiversity (Morgenroth et al., 2016). Native trees 
support ecological integrity and are thus better selections than 
non-native trees, when site conditions permit. While non-native trees 
may grow in the urban environment and may provide some ecosystem 
services from their physical presence (e.g., shading, evapotranspiration, 
filtering, wind modulation), they do not contribute to regional ecosys-
tems to the degree that a site-appropriate native tree would. Using 
non-native trees increases the potential for unintentionally introducing 
invasive trees. Diversity for diversity’s sake is not the goal, rather tree 
diversity is one tool to mitigate threats that should not undermine other 
aspects of managing urban forests such as preserving and enhancing 
ecological integrity. 
The need for diverse native trees underscores that they must be 
available within the nursery trade in order for consultants to specify 
them (Calkins, 2005; Conway and Vander Vecht, 2015; Morgenroth 
et al., 2016). More work is needed across the green industry to produce, 
market, and specify underused native trees, suitable for urban condi-
tions, that simultaneously aid in meeting tree diversity goals and add to 
ecological integrity. To improve the availability such trees many eco-
nomic factors affecting growers’ market risk for producing them must be 
addressed. This will require a coordinated effort between the urban 
forestry community, consultants that specify plants, and growers. 
4.7. Limitations and suggestions 
This study demonstrates the potential of using public record site 
plans as data source for investigating patterns and practices in landscape 
development and exposes some limitations to this approach. This study 
considered 149 plans across a four-year period in two Iowa cities and 
since all plans where a plant schedule and responsible consultant were 
discernable, this represents a census of the available data, thus statistical 
inference beyond this study is not possible. Findings from this study are 
specific to these two communities but may serve as an illustrative 
example of how other municipalities, states, or even countries might 
investigate the activities of professional consultants to better understand 
how to enhance management and sustainability goals. If this method 
were applied to more projects, over a larger geographical area, during a 
different timeframe, or in communities with different professional dis-
ciplines permitted to make tree selections the relationships between 
consultant discipline and diversity could better be generalized. In this 
study, possibly due to the smaller number of projects completed by ar-
chitects and certified nursery professionals, we were unable to detect 
differences between these and the other disciplines. 
Public trees are the purview of state and municipal foresters and site 
plans have the potential to identify both street trees and other public 
trees in addition to private trees. Both the public and private trees 
contribute to the overall urban forest and understanding what is 
occurring on private sites is informative, valuable, and a strength of our 
approach. Site plans typically delineate site boundaries and right-of- 
way; therefore, it would still be possible to use this approach to iden-
tify only public trees if that were required. 
Finally, other research questions may be considered using public 
record site plans as a data source, such as: the proportion of native plants 
being specified; trends in size and condition of plant material being 
installed; shifts in specified plants over time (Conway and Vander Vecht, 
2015); and in different land use types (Kendal et al., 2014). As long as 
cities retain record copies of documents and the desired information was 
required for project documentation, site plans have much to offer. 
5. Conclusion 
This case study used publicly available site plans to assess the di-
versity of trees specified by different consultant disciplines that varied in 
their professional training about plant materials. We found weakly sig-
nificant evidence that specified tree diversity was less on large sites 
specified by civil engineers compared to other consultant disciplines, 
though the effect is relatively small. We found much stronger evidence 
of differences in landscape-scale tree palettes used among the disci-
plines. Landscape architects specified a greater number of tree species 
and cultivars, though used cultivars more frequently than other 
consultant disciplines which could be problematic. More research is 
needed in different geographies and within different regulatory struc-
tures that affect professional consultant scopes-of-work to determine if 
these results are generalizable. Research is also needed to determine the 
relative impacts on urban forest resiliency gained through diversifica-
tion at higher taxonomic levels when clonal cultivars are being used. As 
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urban forests are a valuable component of urban sustainability and offer 
ecosystem services and disservices (Roman et al., 2020), it would seem 
logical to attempt to understand the relationships between consultant 
discipline and specified tree diversity and appropriate levels of diversity. 
We recommend increasing efforts for outreach and education on behalf 
of the urban forestry community to all green industry consultants (Lohr, 
2013), but especially landscape architects, about the importance of ge-
netic and taxonomic diversity of specified trees in urban landscapes, 
since, on the basis of our findings, landscape architects specify many 
trees. This case study also demonstrates the potential utility of 
public-record site plans as a data source to assess the implications of 
different consultant disciplines, tree diversity trends, and other urban 
development patterns. 
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